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Vascular complications of exposure for anterior
lumbar interbody fusion
Joy Garg, MD,a Karen Woo, MD,a Jodi Hirsch, PA-C,a James D. Bruffey, MD,b and
Ralph B. Dilley, MD,a La Jolla, Calif
Objective: The purpose of this study is to document the incidence of vascular complications during anterior lumbar
interbody fusion (ALIF) in 212 consecutive patients treated at the Scripps Clinic and determine what factors adversely
affected outcome.
Methods: We reviewed the prospectively maintained database of all ALIF procedures performed at Scripps Clinic between August
2004 and June 2009.All procedureswere performedby a spine surgeon in conjunctionwith a vascular surgeonwhoperformed the
exposure portion of the operation, and protected the vessels from injury during the instrumentation phase of the operation.
Results: Two hundred twelve ALIF operations were identified. The mean age of the patients was 53.8 years, and 120
(56.6%) were female. The mean body mass index (BMI) was 29.6 (range, 18.1 to 47.8). Twenty-two (10.4%) operations
were performed at the L4-5 disc space, 149 (70.3%) at L5-S1, and 41 (19.3%) involved L4-L5 with L5-S1. The mean
estimated blood loss (EBL) was 143 milliliters. There was a significant direct correlation between increasing BMI and
EBL (P  .018). Thirteen (6.1%) vascular injuries occurred of which five were major (38.5%). One major arterial injury
(0.5%) occurred and required arterial thrombectomy and stent placement. Four of the major vascular injuries were venous
in nature and required a multi-suture repair. The remaining eight injuries (61.5%) were venous, the majority of which
required a suture repair. There were no mortalities. There was an increase risk of vascular injury when both L4-L5 and
L5-S1 were exposed (P .003) and with the male gender (P .013). Calcification of the aorto-iliac system did not exert
an effect on EBL or vascular injury. In four cases, the surgeon was unable to expose the appropriate disc levels.
Conclusions:Anterior exposure of the spine for ALIF can be performed safely with a team approach that includes a vascular
surgeon. Preoperative evaluation by a vascular surgeon is advisable. Patients with increased BMI and bi-level exposures
should be approached with caution. (J Vasc Surg 2010;51:946-50.)Advances in spinal instrumentation, largely related to
the development of an artificial disc or fusion with an
artificial prosthesis, have resulted in an increased need for
exposure of the disc space anteriorly. These operations are
indicated in patients with degenerative disc disease, scolio-
sis, spondylolisthesis, and spinal instability from a variety of
causes and have been treated with anterior lumbar inter-
body fusion (ALIF), often combined with posterior fixa-
tion.1 Adequate exposure of the vertebral bodies and disc
spaces is central to a successful operation. Vascular sur-
geons in our institution now function as co-surgeons with
neurosurgeons and orthopedic spine surgeons in obtaining
access to the anterior disc spaces of L4-5 and L5-S1.
Although the operation is usually quite safe, the mobi-
lization of the vessels, which is required to adequately
expose the disc spaces, can have significant complications.
The most devastating complication is vascular injury. The
risk of vascular injury in contemporary literature ranges
from 1% to 24%.2-10 There is a risk of deep venous throm-
bosis (DVT) which ranges from 0.7% to 5%.1,2,5,6,11-13
Finally, there is also a risk of retrograde ejaculation which
ranges from 0% to 50%.2,8,12-18 The purpose of this study is
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946to examine our institution’s experience with ALIF and to
report the incidence of vascular morbidity and its relation
to preoperative risk factors.
METHODS
Patients undergoing ALIF over a five-year period were
identified from a prospectively maintained database. Indica-
tions for ALIF included degenerative disc disease with back
pain and/or radiculopathy and spondylolisthesis. The opera-
tive approach, as popularized by Brau, is performed with an
anterior retroperitoneal incision through a 5 to 6 cm left lower
abdominal incision which begins at the midline and extends
laterally. For L5-S1 exposure, the incision starts about two-
thirds down from the umbilicus to the pubis and for L4-L5
exposure, about one-third down. We often will place a clamp
on the abdomen when the preincisional plain film is taken to
precisely locate the L4-L5 or L5-S1 level. For combined L4-5
and L5-S1 exposure, we use an oblique incision starting in the
midline two-thirds down from the umbilicus, which then
extends superiorly and laterally.2 The abdominal contents
enveloped by the peritoneum are dissected from the abdom-
inal wall up and over the psoas muscle, to include the ureter
and peri-ureteral contents. For L5-S1 exposure, the area be-
tween the iliac vessels is cleared and the sacral vessels are
controlled with bipolar cautery or clipped. This allows for
broad exposure of the L5-S1 disc space. This exposure is
necessary to allow adequate space to implant the prosthesis or
artificial disc. The approach to the L4-5 disc space is lateral to
the vessels. The left iliac artery is mobilized down to the
inguinal ligament. Of critical importance is the division of the
iliolumbar vein, which allows retraction of these vascular
structures to the right and thus gives access to the L4-L5 disc
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combination with two handheld retractors. The vascular sur-
geon (K.W., J.G., R.D.) was present for the spinal instrumen-
tation phase of the operation to protect the blood vessels and
replace the retractors as needed.
In some patients, the procedure was performed with an
additional posterior approach for instrumentation. This
was done at the discretion of the spine surgeon. We report
only on those procedures involving either the L4-L5 or
L5-S1 disc spaces, the two areas that can be exposed
adequately through our described operative technique.
The team included a vascular surgeon (K.W., J.G., R.D.)
and spine surgeon (J.B.). Either a fourth year general
surgical resident or a vascular resident was directly involved
in the operative procedure in most cases. Although the
spine surgeon was responsible for the decision to operate
and the type of procedure, all patients were evaluated in the
vascular surgery clinic prior to operation. During the clinic
visit, the lower extremity pulses and preoperative imaging
were also evaluated. The patients were also questioned for
signs and symptoms of claudication by both the orthopedic
surgeons prior to consultation and the vascular surgeon
during consultation. Arterial non-invasive studies were not
routinely performed unless there was a clinical indication.
Sequential compression devices (SCD) were used for DVT
prophylaxis and were placed prior to the surgical proce-
dure. The SCDswere discontinued at the time of discharge.
During the preoperative visit, the following data was
recorded: age, height, weight, location of the aortic bifur-
cation in relation to the disc spaces, and the degree of aortic
calcification. The height and weight were used to calculate
a body mass index (BMI) for all patients. Aortic calcification
was determined based either on the preoperative lumbosacral
X-ray or review of the magnetic resonance imaging.
The intraoperative and postoperative variables included
the level of exposure, estimated blood loss (EBL), transfu-
sions, failure to gain exposure, and vascular injury. A minor
vascular injury was defined as the need for a simple suture
repair to a major named vein that continued to bleed after
applying pressure. A major vascular injury was defined as any
arterial injury or a venous injury that requiredmore than a simple
suture repair. Postoperatively, the incidence of DVT and/or
pulmonary embolus (PE) was recorded. The occurrence of ret-
rograde ejaculation in male patients was also recorded.
Patients were seen postoperatively by the vascular sur-
gical service and spine surgery team while in the hospital.
Duplex ultrasound of the lower extremities was ordered if
the patient developed symptoms or signs of acute DVT;
routine screening was not employed. After discharge, the
patients were primarily followed by the spine surgeon. If
there were specific issues, the vascular surgeon was con-
sulted. The spine surgeon assessed all male patients for
retrograde ejaculation during postoperative visits, usually at
two weeks and one month.
Univariate analysis was performed between the preopera-
tive variables and the intraoperative and postoperative out-
comes. AP value of0.05was used to determine significance.
All statistical analyses were performed using the StatisticalAnalysis System (SAS) version 7.0 software (Cary, North
Carolina, USA) and the Systat Software version 11.0 (Chicago,
Illinois, USA). A Fisher exact t test was used for the categorical
data and ANOVAwas used for the continuous data.
RESULTS
From August 2004 to June 2009, a total of 212 ALIF
cases were performed at our institution. Of these cases, 120
patients (56.6%) were female and 92 patients (43.4%) were
male. Themean age of all patients was 53.8 years with a range
of 20 to 87 years. The average BMI was 29.6 with a range of
18.1 to 47.8. A total of 54 patients (25.5%) had evidence of
significant aorto-iliac calcifications on preoperative imaging.
The level exposed was L4-L5 in 22 patients (10.4%),
L5-S1 in 149 patients (70.3%), and a combined L4-L5 and
L5-S1 in 41 patients (19.3%). There were four patients
(1.9%) who had a failed attempt at exposure. In these four
patients, the planned procedure was a combined L4-L5 and
L5-S1 exposure. One of the patients was converted to a
single L5-S1 procedure. Two patients were converted to a
single L4-L5 procedure. Two of the three patients con-
verted to a single level replacement had major venous
injuries and significant blood loss. The exposure was aban-
doned in the remaining patient because a large inflamma-
tory mass had fixed the vein to the anterior disc space.
Thirteen patients (6.1%) had intraoperative vascular in-
jury. Eight (61.5%) of these injuries were minor and were a
result of avulsion of a branch from the left common iliac vein.
They were easily repaired by a simple closure. Two of these
injuries occurred during the process of disc replacement with
the spinal instrumentation. These injuries were related to the
use of rongeurs and curettes. The remaining five injuries
(38.5%) were major injuries. One was a major arterial injury
with thrombosis of the left iliac and femoral arteries, which
required immediate thrombectomy and stent placement. The
remaining four injuries were major venous injuries of which
twowere life threatening and resulted in significant blood loss.
One of these major venous injuries also involved an avulsed
arterial branch that required simple suture repair. The left
common iliac vein was the most frequently injured vessel;
however, one injury occurred to the right common iliac vein.
The left common iliac vein bifurcation and hypogastric vein
were injured in both major life-threatening venous injuries.
Themean intra-operative EBLwas 143milliliters (mL)with a
range of 5 to 4000 mL. Two patients had an EBL of 4000
mL. In both of these cases a Cell Saver device (Dideco Cell
Separator Device, Mirandola, Italy) was primed and em-
ployed. Four patients required blood transfusions (1.9%). A
summary of the EBL, vascular injury and transfusion require-
ments is listed in Table I.
The postoperative 30-day mortality was 0%. No pa-
tients reported post-sympathectomy neuralgia. Thirty pa-
tients (14.5%) had leg edema postoperatively for which a
duplex ultrasound was performed. Five of these patients had
DVT (2.4%). Three of the patients with leg edema sustained
vascular injury during the surgery. Two of these patients
developedDVT.Onewas iliofemoral in location and required
admission and was successfully treated with thrombolysis.
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week postoperatively. Non-vascular complications included
one patient (0.5%) with an incisional hernia that was repaired
by the general surgery service and one patient (0.5%) with an
abdominal wall abscess that was drained and treated with
antibiotics. Four male patients (4.3%) reported retrograde
ejaculation that was transient in two (Table II).
Univariate analysis demonstrated that male gender
(P .013) and bi-level exposure of L4-L5 and L5-S1 (P
.003) were significant predictors of combined major and
minor vascular injury. Elevated BMI (P  .005) and bi-
level exposure (P  .001) were predictors of failure to
complete the planned exposure. A high EBL was predicted
by an increased BMI (P  .021). Bi-level exposure of
L4-L5 and L5-S1 (P  .022) increased the risk of postop-
erative DVT (Table III).
DISCUSSION
Ito first described an anterior approach to the lumbar
spine to treat Pott’s disease in 1934.19 Since that time, this
approach has evolved into a mainstay of spine surgery.
The procedure in its contemporary form typically in-
volves a combination of an orthopedic surgeon or neu-
rosurgeon with a vascular, general, or urologic specialist
as co-surgeons to provide exposure. Our study differs from
others in that we only evaluated patients who had exposure
Table I. Patients with vascular injuries
Patient Gender Age BMI Level
1 Male 59 32.2 L4-L5
2 Male 52 34.1 L4-L5, L5-S1
3 Female 56 42.4 L4-L5, L5-S1
4 Female 63 30.9 L5-S1
5 Female 63 27.4 L4-L5, L5-S1
6 Male 58 26.7 L5-S1
7 Male 78 21.4 L4-L5, L5-S1
8 Male 54 29.2 L4-L5
9 Male 62 33.5 L4-L5, L5-S1
10 Male 70 28.9 L4-L5, L5-S1
11 Male 80 27.0 L5-S1
12 Male 35 23.1 L4-L5, L5-S1
13 Male 63 32.0 L5-S1
BMI, Body mass index; EBL, estimated blood loss.
*Major injury.
†Injury during instrumentation.
Table II. Summary of complications/events
Number of cases
Vascular injury 13 6.1%
Deep venous thrombosis 5 2.4%
Retrograde ejaculation 4 4.3%
Need for transfusion 4 1.9%
Failure to expose 4 1.9%
Incisional hernia 1 0.5%
Abscess 1 0.5%
30-day mortality 0 0.0%of L4-5 and L5-S1, which could be approached through a5 to 6 cm left lower quadrant transverse incision as recom-
mended by Brau.2,7
The overall complication rate for anterior spine expo-
sure has been reported as high as 40%.8,13,20 The compli-
cations are related to either the exposure portion of the
procedure or the manipulation of the spinal instruments.
During exposure and mobilization of the iliac vessels, there
is a risk of bleeding, thrombosis, embolization of arterial
plaque, and non-vascular complications with injury to the
nervous and genitourinary structures, as well as bowel
injury. There is also a risk of incisional complications in-
cluding skin infection, herniation, and seroma formation.
The overall complication rate in our experience was 11%.
The mortality in literature ranges from 0% to 4%.4,7,13,20,21
In our experience, the perioperative mortality was 0%.
Vascular injuries are considered the most potentially dev-
astating complication with the rate of vascular injury reported
in literature from 1% to 24%.Most of these injuries are venous
but arterial injuries occur with the rate ranging from 0.45% to
1.5%.1-9,12 Typically, the venous injuries are primarily lacera-
tions with bleeding and result from branch vessel avulsions
during mobilization and retraction.1,4,6,7,12 Arterial injuries
consist primarily of thromboses and have been hypothesized
to be a result from retraction and intimal disruption with the
possibility of embolization.4
In our series, there were two arterial injuries, one
thrombosis and one branch avulsion, for a rate of 1%, which
is comparable with literature. We attempted to predict the
possibility of arterial thrombosis by evaluating the degree of
aorto-iliac calcification during the preoperative visits, but
this variable did not achieve statistical significance (P 
.38). Our single case of arterial thrombosis, however, did
have significant calcification in the aorto-iliac segment.
Although our vascular injury rate of 6.1% is comparable to
what is reported, it is lower than some current reports 5,7
and may reflect the fact that we see all patients preopera-
tively and have the option to turn down patients who are
excessively obese or have extensive calcifications of the iliac
Injury EBL (mL) Transfusion
Arterial thrombosis* 10 0
Vein and arterial laceration* 1700 0
Vein laceration* 4000 10 units
Vein laceration* 4000 2 units
Vein laceration
†
500 0
Vein laceration 700 0
Vein laceration 900 2 units
Vein laceration 600 2 units
Vein laceration 800 0
Vein laceration 800 0
Vein laceration 200 0
Vein laceration
†
400 0
Vein laceration* 1200 0vessels and require exposure of L4-L5.
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The etiology is presumed to be from venous injury related
to retraction. The use of pins and anterior plate fixation has
been shown to cause venous wall injury, whichmay result in
venous thrombosis.3,12 The use of prophylactic measures
has reduced the current rate to what is reported in the
literature. The rate of DVT in our study is 2.4%, which is
comparable to that reported in literature.
Erectile dysfunction occurs as a result of injury to the
superior hypogastric nervous plexus either by direct or
indirect injury.22 The plexus lies beneath the peritoneum
and courses anterior to the aorta and crosses anterior to the
left common iliac vein. The plexus is the only major inner-
vation to the urogenital system. In some reports from the
1970s, the rate of erectile dysfunction was as high as 50%.14
As the technique for exposure became more refined, that
rate has come down to 0% to 22.5% in contemporary
publications.2,8,12,13,15-18 The rate of retrograde ejacula-
tion in our study was 4.3%, which is within the range
described in the literature.
In examining preoperative variables, our study demon-
strates bi-level spinal exposure to be a risk factor for vascular
complications. Our study is the first to show this associa-
tion. Prior studies have shown L4-L5 exposure to be asso-
ciated with an increased complication rate,7,9 but in our
study, L4-L5 level exposure did not have an increased risk
when compared with L5-S1. The association with multi-
level disease is presumably from extended dissection and
the proximity to the iliac bifurcation at this level.
The association with males and vascular injury has not
been demonstrated before. The etiology may relate to a
narrower pelvis. Our univariate analysis also demonstrates
an association of increased BMI with EBL. This issue
remains controversial as there are reports that suggest both
the existence of and lack of an association between BMI and
EBL.5,7,23,24 The proposed etiology for poorer outcomes has
to do with longer operative time, more difficult dissection,
and poorer visualization, especially with the limited exposure
afforded by small incisions. Currently, we tend to not recom-
mend ALIF in those individuals with an elevated BMI and
have turned down three such individuals in the recent past.
There are limitations to our study. This was a retrospec-
tive study from a single institution with one vascular sur-
geon’s experience. We only report on exposure of L4-L5
Table III. Significant findings on univariate analysis
Preoperative factors
Deep venous
thrombosis
Failure to
expose
Female gender .857 .782
Male gender .479 .584
Age .212 .681
Body mass index .763 .005
Bi-level exposure .022 <.001
Calcification .495 .302
All numbers are P values with significant results in bold italics.and/or L5-S1 through a 5 to 6 cm lower left abdominalincision and have seen all patients preoperatively. Occasion-
ally, we selected out those whom we thought might be at
high risk for vascular injury. Additionally, all patients in this
series received a fusion with a prosthesis, and none had an
artificial disc nor was anterior plating used. The statistical
power in our study is limited with low incidence of compli-
cations, which also precluded performing a multivariate
analysis. Finally, we only obtained duplex ultrasounds on
patients with postoperative symptoms and therefore may
have underestimated the number of DVTs.
CONCLUSION
ALIF has become a widely employed approach to ad-
dressing spinal pathology. The procedure can be performed
safely with a team approach with an exposure co-surgeon.
Preoperative evaluation by the exposure surgeon is advis-
able with special attention paid to patients with elevated
BMI and a need for bi-level exposure. Due to the small but
real risks of vascular injury, the vascular surgeon should be
readily available through the entire procedure.
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Dr Willis H. Wagner (Los Angeles, Calif). Dr Pevec, Dr Reilly,
members, and guests, I would like to congratulate Dr Garg on a nice
presentation of the Scripps experience with anterior lumbar access
surgery and thank him for an early transmission of their article. These
are procedures that have become a significant part of our vascular
surgical practice. Over the last 10 years, spine access operations have
increased from12% to 24% of all the procedures that we do, including
325 operations last year alone. The utilization of anterior procedures
by our spine colleagues is directly dependent on the experience and
abilities of the local access surgeons. New minimally invasive tech-
niques using lateral, transpsoas, or presacral exposure have been
adopted by some spine surgeons primarily to avoid the perceived risk
of direct anterior operations and the inconvenience of scheduling
procedures with busy vascular surgeons. Excellent reports such as this
series are vitally important to reassure spine surgeons that good
anterior exposure can be accomplished with acceptable risk.
My first question involves the morbidly obese. Your univariate
analysis identified elevated body mass index as a predictor of high
blood loss. The article said that three recent patients were turned
down for anterior access based on BMI. What is your recom-
mended cutoff for BMI?
On a related note, the univariate analysis also showed male sex
as a risk factor for blood loss, which you relate to the narrower
pelvis. Did you look at the sex distribution of those patients with
elevated BMI? Is it possible that the obese patients could have been
predominantly male, and that multivariate analysis would have
failed to show male sex as a unique risk factor?
You routinely evaluated aortoiliac calcification preoperatively.
Although the numbers were small and a type 2 error could exist,
arterial calcificationwas not statistically associatedwith arterial throm-
bosis. Do you still evaluate arterial calcification and, if so, what
findings would lead you to reject a patient for anterior exposure?
In our own practice, I have seen that there is a significant learning
curve for these procedures, even if performed by experienced vascular
surgeons. In your series, the number of operations that were aborted
due to bleeding is significantly greater than our experience. This leads
to two related questions: Once the bleeding was controlled, why
didn’t you allow the fusion to be completed? Second, where in your
learning curve is this 5-year-series, and have you noticed any trendsI would like to end with a comment. Spine access procedures
seem to be academic vascular surgery’s dirty little secret. In most
academic centers, there is usually one vascular surgeonwho specializes
in these procedures, yet the vascular residents rarely get exposed to
this experience. For recertification, the American Board of Surgery
does not even include spine exposure as a vascular procedure for the
purposes of case logs. During yesterday’s symposium on training
paradigms, there was no reference to spine exposure on curriculum
slides, yet the luncheon meeting on the same topic in the adjacent
room was filled to capacity. If we are to meet the increasing demand
for this expertise, our traineesmust get formal exposure to spine access
under the mentorship of outstanding surgeons such as Dr Dilley.
Thank you for the opportunity to discuss this presentation.
Dr Joy Garg.We would like to thank Dr Wagner for his kind
remarks and for his comments. In addressing his first question, we
do not have enough data to determine a particular BMI as a cutoff
for turning down a patient. Currently in our practice, we are
concerned about a BMI of 40; however, we evaluate body habitus
in addition to BMI. The second question which relates to male sex
is difficult to answer. We acknowledge that we had too few
complications to perform a multivariate analysis; however, when
we sort our data based on BMI, we have a total of 72 patients with
a BMI over 30. The distribution is not statistically different be-
tween genders with 38 males and 34 females.
In regards to arterial calcification, we did not find a statistically
significant association with vascular injury and arterial calcification,
but as you pointed out, this could be due to the small number of
vascular injuries. We currently do not exclude patients based on
calcification, but since our one case of arterial thrombosis was in a
patient with heavily calcified vessels, we are more cautious during
surgery when mobilizing vessels identified preoperatively as calci-
fied, especially when performing multi-level exposure.
For the last question, we have observed that our rate of
vascular injury has declined significantly over the past 5 years as our
experience has increased. The majority of our injuries occurred
during the early part of our experience. We elected to abort the
multi-level exposure in favor of single level exposure in the 2
patients with major vascular injury since the injury was so close to
the one level we wanted to expose and we did not think could do
this safely. We therefore settled for the second level. Again, we
would like to thank Dr Wagner for his remarks and his questions.
